This paper presents theoretical modeling for predicting the optimum twist angle on yarn made by open end rotor spinning machine in textile industry. Fiber movement on yarn can be used for predicting the optimum twist angle which can be used to reduce yarn breaking in spinning process. In this research the twist angle has been found and the result of this research shows the twist angle around 45˚ and the theoretical result of the ratio of rotor diameter to fiber length is 
Introduction
In textile industry the study of the fiber movement inside yarn has been researched of many researchers. According to Rohlena [1] , Lawrence [2] and Hearle [3] , fiber movement on yarn will influence the yarn breakage. Fiber migration is the change in the distance of a fiber (along its length) from the axis of a yarn, which occurs during production spinning yarn. According to Lawrence [2] , the characteristic of spun yarn can be determined by the fiber movement and yarn structure as Figure 1 .
Rohlena [1] said that breakage rate is influenced by the twist. The lower the twist is, the higher the breakage rate is. According to Hearle [3] and Lawrence [2] , fiber migration can be shown as the relation of ( ) 2 r R as relative measure of radial position against the yarn length z and the probability, P , of the fiber being resided into the yarn depends on the ratio of the sum of elemental length (yarn length)
∑ to the fiber length f L (Figure 2 ). Hearle [3] and Rohlena [1] developed mathematical relationship of fiber migration as below
where m Y is mean fiber migration, n Z is yarn length and
as relative measure of radial position. According to Lawrence [2] , for the probability P can be written as
Thus, for the probability 1 P = then the full length of the fiber will be spun in and for the probability 0 P = , then fiber is laid on the surface, as it's called hair. According to Furter [4] , the higher of twist is, the lower the hairiness is. If part of the fiber length is spun in and the rest protrudes from the yarn, then Yarn properties can be analyzed and determined from the fiber movement which is shown by the ratio of yarn length to fiber length,
where i L the sum of fiber length which is projected to the yarn length L and α is the angle of yarn length against fiber trace. According to Lawrence [2] and Rohlena [1] , the ratio of yarn length to fiber length, f K , will influence the strength. The higher value of f K the more strength of yarn will increase. According to Musa [5] , Penava [6] and Prenzova [7] the relationship of yarn strength is proportional to the diameter of yarn, the wider the diameter of the yarn the higher the strength of the yarn. According to Trommer [8] , the value of tenacity on winding (yarn package) w R must be around 20% R o (tenacity of take off roller) which makes the yarn will not break during the spinning process. By extensive experiment, Trommer [8] has found that the limitation of the ratio of rotor diameter to fiber length is more than 0.7. The influence of ratio f K to the properties of yarn such as diameter of yarn, angle twist, strength, hairiness, yarn delivery, and also yarn twist will be discussed and derived in this paper looking from the fiber-yarn movement on cylindrical coordinate and using Lagrange methods.
Predicting Twist Angle of Fiber Movement Using Lagrange Methods
Suppose a fiber moves in cylindrical coordinate and twist is defined as turns per unit yarn length H (in unit m). 
β is defined as twist coefficient 
Another way to derive the relation of twist and the yarn number is by using this formula
substitute Equation (17) to Equation (9) tgn 2π 2
Suppose the angle twist 45
Taking winding 0.95, , 0.99
According to Trommer [8] , the value of w R must be around 20% R o which makes the yarn will not break during the spinning process, hence Equation (24) is agree with the experimental result. Using the twist angle 45˚ it can be explained and determined the relationship of fiber movement inside yarn and also the limitation of the ratio of rotor diameter to fiber length is more than 0.7 and the fiber substansce strength (the ratio of yarn strength to fiber strength is 50%).
Development of Fiber Movement Model
A simple model of fiber movement would be a made in a cylindrical coordinate. Pretend that a fiber moves inside a yarn in a cylindrical coordinate which can be written as below ( )
During a certain time dt , a length dl of a fiber moves inside the yarn whose length is dz . The fiber is rotated about this axis through an angle dϕ . A fiber moves toward or away from the yarn axis with a distance dρ . The geodesic equation of the square of length of fiber can be measured as below 
used for predicting the optimum angle twist which can be used to reduce yarn breaking in spinning process. In this research the angle twist has been found and the result of this research shows the angle twist around 45˚ and the theoretical result of the ratio of rotor diameter to fiber length is
